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Emergency department (ED)Abstract Background: Triple-rule-out (TRO) computed tomographic (CT) angiography is a
recent technique for evaluation of the coronary arteries, aorta, pulmonary arteries, and adjacent
intrathoracic structures simultaneously for patients with acute chest pain.
Objectives: To assess the validity and efﬁcacy of Triple-rule-out (TRO) computed tomographic
(CT) angiography in diagnosis of different vascular causes of chest pain in the emergency depart-
ment.
Methods: Between April 2013 and December 2014, 40 patients presenting with non-speciﬁc acute
chest pain to the emergency department performed Triple-rule-out (TRO) computed tomographic
(CT) angiography utilizing a biphasic contrast injection technique. The CT angiographic images
were interpreted prospectively for detection of any pulmonary, coronary or aortic vascular abnor-
malities.
Results: The study revealed 20 cases (50%) with only coronary lesions, 5 cases (12.5%) with only
pulmonary lesions, 10 cases (25%) with only aortic lesions and 3 cases (7.5%) with combined coro-
nary/aortic lesions. 2 cases (5%) showed no signiﬁcant vascular abnormality.
Conclusion: An optimized TRO protocol with concomitant reduced radiation exposure and efﬁ-
cient contrast agent administration provides a reliable tool for evaluation of coronary, aortic and
pulmonary arteries in the emergency department.
 2015 The Author. The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting
by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Evaluation of chest pain in the emergency department (ED) is a
public health issueof great consequence.Thedifferential diagno-
sis of chest pain is a complex problem for the ED physician (1).The correct decisions in patients suffering from chest pain
remain a challenge. The patient’s history, initial cardiac enzyme
levels, or initial electrocardiograms (ECG) often do not allow
selecting the patients in whom further tests are needed (2).
Numerous vascular and non-vascular chest problems, such
as pulmonary embolism (PE), aortic dissection or acute coro-
nary syndrome, as well as pulmonary, pleural, or osseous
lesions, must be taken into account (3).
Nowadays, contrast-enhanced multidetector-row computed
tomography (CT) has replaced previous invasive diagnostic
622 H.H. Solimanprocedures and currently represents the imaging modality of
choice when the clinical suspicion of pulmonary embolism or
acute aortic syndrome is raised (4).
At the same time multidetector CT is capable of detecting a
multitude of nonthreatening causes of acute chest pain, such as
pneumonia, pericarditis, or fractures (5).
Recent technical advances in CT technology have also
shown great advantages for non-invasive imaging of the coro-
nary arteries. In patients with acute chest pain the optimiza-
tion of decisions and cost-effectiveness of using cardiac CT
in the emergency department have been repetitively demon-
strated (6).
Triple rule-out CT denominates an ECG-gated protocol
that allows for the depiction of the pulmonary arteries, tho-
racic aorta, and coronary arteries within a single examination.
This can be accomplished through the use of a dedicated con-
trast media administration regimen resulting in simultaneous
attenuation of the three vessel territories (7).
The application of the TRO examination for evaluation
of suspected ACS in the ED is possible because of advances
in CT technology that provide greater z-axis coverage with
improved temporal resolution and decreased radiation
dose (8).
The detection of non-coronary lesions that explain the pre-
senting complaint, is a major advantage of the TRO CT exam-
ination over nuclear stress testing. TRO studies are most
appropriate and cost-effective when there is a suspicion for
acute coronary syndrome along with other diagnoses such as
pulmonary embolism, acute aortic syndrome, or nonvascular
disease in the thorax (9).2. Patients and methods
2.1. Study population
A total number of 40 patients were enrolled for triple rule-out
CT angiography between April 2013 and December 2014
including 25 males and 15 females. They presented with chest
pain and shortness of breath while their electrocardiographic
ﬁndings were nonconclusive of heart disease and their initial
myoglobin and troponin I levels were unremarkable except
in one case which had past history of aortic dissection and
presented with acute stabbing pain.
2.2. The inclusion criteria
 Able to hold breath for accepted time (20–30 s).
 Normal serum creatinine.
 Sinus heart rhythm.
 Low to moderate risk of acute coronary syndrome (ACS).
 Non ACS diagnosis.
 Negative biomarkers myoglobin and troponin-I.
2.3. The exclusion criteria
 Contra-indications to iodinated contrast material including
known allergy and renal insufﬁciency (serum creatinine
more than 1.4 mg/dl). Contra-indications to radiation exposure i.e. pregnancy and
unstable clinical status.
 Marked heart failure.
 Arrhythmias and heart rate above 70 beats/min not
responding to medical preparation.
 Clinically unﬁt patients (unable to stop breathing during
the examination).
 Extensive calcium score above 1000.
3. Patient preparation
Adequate intravenous access is necessary to deliver a rapid
contrast agent bolus. An 18–20-gauge intravenous catheter is
placed into a large vein in the antecubital fossa. The patient
is lying in a supine position with arm in front of him. ECG
leads are positioned above and below the level of the scan to
prevent streak artifact.
The ideal heart rate for ECG-gated studies is a slow regular
rhythm, usually a sinus bradycardia at 50–60 beats per minute.
Oral-blockers may be given in the ED at least 1 h before the
scan for control of heart rate. However, metoprolol tartrate
may be administered intravenously when the patient is on
the CT table within 1–3 min as a short acting alternative.4. Scanning parameters
Triple rule-out CT angiography was performed using a 320-
MDCT scanner (Toshiba Aquilion One, Japan). The standard
scanning parameters for this study were set to 120 kVp with
600 mA s per section. Tube current was increased to 800–
1000 mA s per section on the basis of estimated weight for
patients weighing (90.7–113.4 kg). Tube voltage was increased
to 140 kVp for heavier patients.4.1. Contrast material and scanning protocol
In order to image both the coronary and pulmonary arteries, a
biphasic injection technique was used: 70 mL of undiluted
(ultravist 370) was injected at 5 mL/s, followed by 25 mL of
the same contrast material diluted with 25 mL of saline, also
injected at 5 mL/s.
For injection Protocol we used a bolus tracking technique
where we started contrast medium injection when the HU in
the left atrium reached 100 HU then in the second phase we
depended on the observation, for assessment of the opaci-
ﬁcation of the pulmonary artery.
The ﬁrst phase of the injection opaciﬁes the coronary arter-
ies during image acquisition, while the second phase of the
injection, provides simultaneous homogeneous enhancement
of the pulmonary arteries. Data acquisition starts from the
level of the medial end of the clavicles to the lower border of
the heart in cranio–caudal direction.4.2. Image reconstruction
For most patients, the native coronary arteries were best
visualized at 60% and 40% of the cardiac cycle. If these images
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used to visualize the different coronary segments.
Inpatientwith somemotionartifacts; 4 data setswere created
during different time instants of the cardiac cycle (50%, 60%,
70% and 80% of the R wave to R wave interval); the data set
containing the fewest motion artifacts (on the bases of cross sec-
tional images) was used for further creation of the reconstructed
images and evaluation of the coronary artery. The average time
of the study was 10 min. Another 60 min was spent for result
evaluation at the workstation.
For the evaluation of the aorta, coronary and pulmonary
arteries MIP, CPR and Volume-rendered reconstructions were
used for better orientation and global presentation of
results. Findings were then conﬁrmed on the axial CT source
images.
4.3. Data evaluation
For coronary assessment every case was evaluated in the axial
plane and with slab maximum intensity projection images that
were rotated to visualize each vessel in multiple planes. Vessels
with complex plaque were also evaluated with curved multipla-
nar reconstruction by using vessel tracking software with auto-
matic centerline determination.Fig. 1 Male patient 48 year old known to have an ischemic heart di
stabbing chest pain and negative cardiac enzymes. Figure (A and B) CM
third with patent distal two-thirds. Figure (C and D) CMPR of t
nonopaciﬁcation of its distal lumen together with another stent deploDifferent parts of the thoracic aorta regarding their diame-
ter, contrast ﬁlling, presence of ﬁlling defects, dissections, wall
irregularities, calciﬁcation, mural thrombus.
The main pulmonary artery, right and left pulmonary arter-
ies, their segmental and subsegmental branches, regarding
their diameter, contrast ﬁlling, presence of ﬁlling defects, wall
irregularities, calciﬁcation, mural thrombus.
Other extra-vascular structures such as cardiac size,
pleural, pericardial and parenchymal abnormalities were
assessed.
5. Results
The study included a total number of 25 males and 15 females,
their age ranging from 25 to 70 years, mean (54 years).
The study revealed 20 cases (50%) with only coronary
lesions, 5 cases (12.5%) with only pulmonary lesions, 10 cases
(25%) with only aortic lesions and 3 cases (7.5%) with com-
bined coronary/aortic lesions. 2 cases (5%) showed no signiﬁ-
cant vascular abnormality.
From the 23 patients with coronary lesions; there were 6
patients with one vessel disease, 5 patients with two vessels dis-
ease and 12 patients with three vessels disease.sease and multiple stent application. He presented to the ER with
PR of the left coronary artery showing patent stent in its proximal
he right coronary artery showing proximal occluded stent with
yed in its distal part which could not be properly assessed.
Fig. 2 Male patient 52 year old, known to be diabetic and hypertensive, presented to the ER by acute retrosternal chest pain and dyspnea.
HisECGandcardiac enzymeswere nonconclusive. Figure (AandB)CMPRof theLADshowing a short stenotic segment in its proximal part.
Figure (C) CMPR of the RCA showing a long segment of subtotal luminal occlusion in its proximal two-thirds with fair opaciﬁcation in its
distal one-third. Figure (D) VR of the three coronary retries showing signiﬁcant stenotic lesion in proximal and middle parts of the RCA.
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of them showed signiﬁcant stenosis while the other 12 seg-
ments showed non-signiﬁcant stenosis and another 13 seg-
ments showed occlusion. The total number of diseased
segments was 55 segments.
Seven coronary stents in three patients were evaluated for
patency in-stent re-stenosis and occlusion. The stents were dis-
tributed as follows: 1 in the proximal RCA, 1 in distal RCA, 4
in the proximal LAD and 1 in the mid CX. According to the
angiographic ﬁndings; ﬁve stents were patent, and two were
occluded (Figs. 1 and 2).
From the 5 patients with pulmonary lesions; there were 3
patients with bilateral medium sized pulmonary emboli, 1 case
with massive pulmonary embolism and 1 case with small
peripheral emboli at both lower and right upper lobes. Two
of these cases showed concomitant pulmonary ﬁbrosis and
one case showed left pleural effusion (Fig. 3).
13 cases turned out to have various aortic diseases as fol-
lows: 9 of the patients had aortic dissection; 5 Stanford type
A and 4 Stanford type B while the other 4 patients had aortic
aneurysms (Fig. 4).
The mean effective radiation dose in the performed TRO-
CTA averaged 10 mSv.6. Discussion
Evaluating the causes of chest pain or a complex of symptoms
that might be related to time-sensitive acute coronary syn-
drome (ACS) remains one of the most difﬁcult challenges for
ED physicians (10).
Most patients in the low-to-moderate risk ACS category
are followed up with serial cardiac enzymes and diagnostic
studies, which ultimately do not establish a diagnosis of ACS
(11).
Missed heart attacks account for an estimated 20%–39% of
all malpractice judgments and represent an important medical-
legal burden for ED physicians. A rapid, accurate, and cost-
effective approach for the diagnosis or exclusion of ACS is
needed (10).
Multidetector computed tomography expedites care of
patients presenting with chest pain by excluding ACS. Recent
studies Rubinshtein et al. (12) and Pundziute et al. (13) have
shown that multi-slice coronary CT angiography has a high
negative predictive value for ACS at 30-day follow-up.
‘‘Triple rule-out’’ coronary CT angiography provides non-
invasive visualization of coronary arteries with simultaneous
evaluation of the pulmonary arteries, thoracic aorta, and
A B
C D 
Fig. 3 Female patient 37 year old presenting with acute chest pain, dyspnea and hemoptysis. CT axial (A and B), sagittal (C) and
coronal (D) images of pulmonary angiography showing left main and segmental pulmonary embolism and left sided pleural effusion.
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symptoms that overlap with ACS. By providing evaluation
of both coronary and non-coronary diseases, the triple rule-
out scan may provide a cost-effective diagnostic study for
the patient presenting to the ED who is suspected of having
ACS (14,15).
CCTA and TRO-CTA allow a rapid and safe discharge in
the majority of patients presenting with acute chest pain and
an intermediate risk for ACS while at the same time identiﬁes
those with signiﬁcant coronary artery stenosis (16).
The study done by Thomas et al. (16) stated that the
Coronary CTA resulted in a 54% reduction in time to diagno-
sis and 38% reduction in the costs of care compared with
myocardial perfusion imaging.
The study done by Tahir et al. (17) on 46 patients with
acute chest pain Using 320-row-detector stated that the TRO
protocol resulted in excellent opaciﬁcation and image quality
with substantial reduction of contrast medium volume com-
pared to recently published TRO protocols.
In our study, the implementation of biphasic contrast injec-
tion technique maintained acceptable, homogenous opaci-
ﬁcation of the coronary, aorta and pulmonary arteries in the
different phases of the study in all examined cases. The major
limitation encountered in our study was the suboptimal opaci-
ﬁcation of the RCA in 5 cases which was due to the inevitable
presence of too much contrast in RV attributed to the early
start of the pulmonary artery scan.
Another study done by Kevin et al. (18) on 197 low-to-in-
termediate risk emergency department patients to assess the
role of TRO provided a non-coronary diagnosis that explained
the presenting complaint in 22 patients about (11%). Clinically
important non-coronary diagnoses that did not explain patient
symptoms were identiﬁed in 27 additional patients about(14%), suggested the presence of signiﬁcant moderate-to-sev-
ere coronary disease in 22 patients about (11%) and facilitated
a safe, rapid discharge of the remaining low-to-moderate risk
ED patients suspected of having ACS without further diagnos-
tic testing.
On the contrary, our study revealed a coronary diagnosis
explaining patients symptoms were detected in 57.5% of cases
while it revealed non-coronary diagnosis explaining the pre-
senting complaint in 42.5% of cases.
A recent study done by Thomas et al. (16) on 100 emer-
gency patients using 320 multislice CT revealed, 20 patients
demonstrated other noncoronary ﬁndings that explain chest
pain including PE, pleural effusion, left ventricular hypertro-
phy with pleural effusion and pneumonia. Based on a nega-
tive coronary CTA 60 of 100 patients were discharged on
the same day. None of the discharged patients showed
MACE during the 90-day follow-up. 19 of 100 patients had
a signiﬁcant coronary stenosis (P50%) on coronary CTA
or TRO-CTA.
Our study demonstrated 17 cases with non-coronary ﬁnd-
ings explaining chest pain including pulmonary embolism
(12.5%), aortic dissection (22.5%) and aortic aneurysm (10%).
Based on another two studies done by White et al. (19) and
Savino et al. (7) three patients and two patients about 2% and
9% respectively showed non-coronary diagnoses, including
pericarditis, pneumonia, and pulmonary embolism.
In our study the mean effective TRO radiation dose for the
examined patients averaged 10 mSv which is relatively high in
comparison with the mean effective radiation dose stated by
the study carried out by Halpern in 2009 (20) which was
8.75 mSv. In our experience we consider that TRO is a good
study to be done in selected cases where there is strong clinical
suspicion of pulmonary embolism and that TRO should be
Fig. 4 Male patient 52 year old, had past history of aortic dissection, presented to the emergency department with acute onset of chest
pain and dyspnea. ECG revealed mildly elevated ST segment with negative troponin and myoglobin levels. Figure (A) CMPR and (B) VR
images of LAD showing diffuse atherosclerosis, and about one centimeter distal to its origin it shows long segment about 20 mm of total
occlusion. Figure (C) axial CT images, (D) VR images and (E and F) MIP images of the thoracic aorta showing type B aortic dissection.
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room (ER) especially in young patients under 40 years of age
due to relatively high radiation dosage.
The previous study by Halpern, also stated that in patients
with a very stable heart rate, newer scanners can acquire a
TRO CT study with prospective ECG gating by using the
‘‘step-and-shoot’’ axial mode to further reduce radiation dose
to 5–6 mSv. Prospective ECG gating should be reserved only
for patients with a very stable heart rate, since any change in
cardiac rhythm will either prolong the scan time (as the scan-
ner waits for the next ‘‘normal’’ heartbeat) or result in
degraded image quality from cardiac motion.
TRO-CT is a tailored ECG-gated examination designed to
evaluate the aorta, coronary circulation, pulmonary arteries,
and the middle to lower portion of the chest with a single scan.
Applicationof theTROexamination for evaluationof suspected
ACS in the ED is possible because of advances in CT technology
that provide greater z-axis coveragewith improved temporal res-
olution and decreased radiation dose. A recent survey of radiol-
ogy practices found that 33%usedCT in theED for thework-up
of chest pain and that 18% were using a TRO protocol (20).
7. Conclusion
The Triple Rule-Out CT examination is a relatively new tech-
nique which can be a powerful tool for evaluation and triage of
patients with a low to moderate risk of ACS in whom diagnos-
tic catheterization is not indicated. However, unlike most CT
studies that can be performed by a technologist using a simple
protocol, TRO CT studies require more individualized atten-
tion. Careful consideration regarding patient selection, patient
preparation, and injection and scanning techniques will result
in high-quality TRO CT studies to evaluate the aorta, coro-
nary circulation, pulmonary arteries, and adjacent intratho-
racic conditions. When compared with conventional
management of acute chest pain in the ED, appropriate appli-
cation of TRO CT can reduce (a) time for patient triage, (b)
number of required diagnostic tests, (c) ED costs, and (d)
radiation exposure to the patient.
On the other hand, we should know the practical limitation
of Triple Rule Out CT protocol such as (a) Beta-blockers that
are required for coronary CTA may not be safe in patients with
pulmonary embolism (b) lack of experienced technologists, and
radiologist supervision limits 24 h service availability; in many
hospitals it is only available during ofﬁce hours (c) Obesity
and calciﬁcations limit interpretation (d) rapid heart rate,
arrhythmias, renal dysfunction and contrast allergies.
In conclusion, triple rule out is a relatively new technique
which gives us the advantage of screening emergency patients
presenting with chest pain in a rapid and safe way for detection
of their vascular diseases.
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